INTRODUCTION
Asthma and allergic rhinitis (AR) are leading causes of illness in childhood and place a substantial burden on health care systems worldwide. The prevalence of childhood asthma varies from nation to nation. One of the highest prevalences is observed in the UK, where at least 20% of children are affected by asthma. 1 Childhood AR, characterized by mucosal inflammation in response to allergen exposure, also shows a high prevalence rate, with prevalence worldwide of up to 40% in 13-and 14-years-old. 2 AR is common among patients with asthma and it increases the risk of acute exacerbation of asthma symptoms. [3] [4] [5] Understanding the component health care costs and health care utilization patterns of asthmatic children with AR is essential to designing the most cost-effective strategy to improve patient outcome and minimize the total cost to society. In comparison to the wealth of data on the cost of illness of asthma, there is much less information about the cost of illness of AR. 6 The literature on the incremental economic burden of AR on patients with asthma is particularly sparse, especially in children, and previous studies of this subject relate to US 7, 8 or UK populations. 9 As it is difficult to extrapolate the results to other countries, which have different health care utilization patterns and cost structures, studies on Asian populations are necessary for efficient local resource allocation.
The main data sources for earlier asthma and AR cost studies were medical charts, patient reports, localized administrative data sets, or
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Hye-Young Kang, 1 Choon Seon Park, 2 Hye Ryun Bang, 3 Vasilisa Sazonov, 4 and Chul Joon Kim nationally representative (but not nationwide) primary care databases. Approaches that use self-reported data to extrapolate economic consequences from the local to the national level rely on assumptions that may not be accurate. Some studies have partially overcome the former limitation by using administrative data sets. For example, Grupp-Phelan and colleagues compared health care utilization and costs of children with both asthma and AR to those of children with asthma alone among subjects at a health maintenance organization. 8 Although that study examined a larger population sample than the studies relying on medical chart reviews or patient questionnaires, it was based on only 1 HMO program and was not representative of the country as a whole. Thomas and colleagues used a nationally representative primary care database from the UK, but this did not include the entire national population. 9 Centralized insurance claims databases in countries like Korea that have a national health care system show health service utilization of the entire population for specific medical conditions over extended periods of time. 10 The objective of this study, therefore, was to use the NHI claims database of Korea to assess the incremental health service use and costs of concomitant AR in treating childhood asthma.
MATERIALS AND METHODS

Data sources
We used the electronic administrative claims records of the Korean NHI database as a major data source to track health care services provided to asthmatic children during 2003. The NHI claims database includes all medical and prescription drug claims for covered services provided to about 97% of the population. All asthma-related claims were extracted for children with asthma with and without AR. An asthma-related claim was defined as a primary, secondary, or tertiary diagnosis of asthma and an expenditure greater than 0 dollar for a prescribed anti-asthma medicine. We aggregated each patient's claims to produce patient-level information on the total annual asthma-related health service utilization and cost. For data not included in the NHI database, we used the Korean National Health and Nutrition Survey (NHNS) and various publicly available sources specified in detail below.
Study cohort
Children 1 to 14 years of age were defined as having asthma if they had at least two medical claims with a primary, secondary, or tertiary diagnosis of asthma, indicated by International Classification of Disease (ICD)-9 code 493.X and a prescription for an anti-asthma medicine in 2003. Anti-asthma medicines included beta-agonists, methylxanthines (theophylline), mast cell stabilizers (cromolyn, nedocromil), anti-leukotrienes, anticholinergics, and corticosteroids. A complete list was created on the specific drugs (oral, injected, and inhaled) that were available and covered by the NHI for the treatment of childhood asthma. An admission claim with a record of a prescription for an anti-asthma medicine and a procedural code for arterial blood gas analysis or nebulizer treatment of the lower airways, which are routine procedures for patients hospitalized for asthma, was classified as an asthma case even if it was not accompanied by a primary, secondary, or tertiary diagnosis of asthma. Similarly, we considered outpatient visits without a diagnosis of asthma as asthma cases if they included a prescription for an inhaled corticosteroid or a leukotriene modifier, which are used only to treat asthma in Korea. Children with asthma claims with a co-diagnosis of chronic obstructive pulmonary disease, cystic fibrosis, bronchitis, bronchiolitis, pneumonia, or emphysema were excluded.
Among all children identified with asthma, those with at least one medical claim during 2003 with a primary, secondary, or tertiary diagnosis of AR(ICD-9 code 477.X) or prescriptions of oral 2nd generation antihistamines (acrivastine, cetirizine, ebastine, fexofenadine, loratadine, and mizolastine) or intranasal glucosteroids (beclomethasone, budesonide, fluticasone, mometasone, and triamcinolone) were defined as having concomitant AR. The remaining children were defined as having asthma without AR.
To determine AR-related prescription medicines, we conducted a literature review and consulted a group of pediatricians. 9, 11 The AR-related prescription medicines include 1st-, 2nd-, and 3rd-generation antihistamines, intranasal steroids, oral and topical decongestants, and leukotriene receptor antagonists. Not all of these medicines were suitable to be used to identify AR cases since they are not specific to AR or not used to treat pediatric patients. For example, 1st-generation antihistamines, and oral and topical decongestants are frequently used to treat common colds. The 3rd-generation antihistamines are rarely used to treat children under 15 year in Korea. Because leukotriene receptor antagonists are used to treat both asthma and AR, it is not easy to determine whether the use of this medicine is for AR. On the other hand, the pediatrician panel members agreed that the 2nd-generation antihistamines and intranasal steroids are mostly prescribed to treat pediatric AR but rarely prescribed to treat common colds. A complete list was created for the specific drugs of the 2nd-generation antihistamines and intranasal steroids that were available and covered by the NHI for the treatment of childhood AR.
Outcome variables
The outcomes of interest were health service utilization and cost. Patient encounters were classified into non-urgent outpatient visits, urgent ED visits, and hospital admissions. A claim was categorized as an ED visit if it included an emergency care charge, was submitted from an ED, or occurred during the night, weekend, or holiday. Total asthma-related costs were assessed from the societal perspective and computed as the sum of the cost for direct health service, transportation for visits to health care providers, and caregivers' time spent on outpatient visits or inpatient stays of asthmatic children.
Direct health service costs were divided into insured and uninsured costs. Insured costs were given in the NHI data. Uninsured costs for each claim were computed from the proportion of uninsured costs among total health care costs, previously estimated on the basis of hospital charge records. 12 The reported proportion of uninsured costs was 31.1% for the 15 most frequent conditions requiring outpatient visits and 19.9% for admission with asthma or chronic pulmonary disease. We measured pharmaceutical costs as "anti-asthma pharmaceutical costs" and "all pharmaceutical costs". Anti-asthma pharmaceutical costs only included prescribed antiasthma medicines only and all pharmaceutical costs were the sum of anti-asthma medicines and all other medicines prescribed during an asthmarelated visit or admission. Transportation costs for visits to health care institutions for outpatient or inpatient care were estimated by multiplying the average round-trip transportation cost by the total number of asthmarelated visits and admissions in the country per year. The average round-trip cost for different types of institutions based on the 2001 Korean NHNS has been estimated at $2.60 (using a 2001 exchange rate of 1,000 Korean Won for 1 US dollar). 13 The For working mothers, the cost of the loss of time due to physician visits or admission was measured as forgone wages, following the human capital approach. If mothers did not participate in the labor market, we used the "replacement cost approach" 14 which quantifies the cost of replacing the homemaker's time spent in the home with commercially available services (e.g. cleaning, child care). The average daily time cost for a Korean woman 30 -49 years of age was calculated from their labor market participation rate, 15 average daily wage, 16 and market price for the daily wage of a domestic worker. 17 We assumed that the primary caregivers of asthmatic children were their mothers and that the age range of mothers of children 1 to 14 years of age was 30 to 49 years. Finally, the total time cost for asthmarelated visits or admissions was estimated as the product of the total number of visits or admissions, average time spent for a visit or inpatient stay, and average hourly or daily time cost for a Korean woman 30 to 49 years of age. 
Data analysis
We compared per-capita utilization and costs of asthma-related services for asthmatic children (i.e. children identified as receiving anti-asthma treatments) to AR (i.e. children identified as receiving anti-rhinitis treatments) and asthmatic children without AR. Per-capita utilization and costs were expressed as visits, hospitalizations, inpatient days, or dollars spent per child per year. Cost and utilization ratios were computed as per-capita cost (or utilization) for asthmatic children with AR divided by per-capita cost (or utilization) for asthmatic children without AR. Mean treatment costs for an outpatient visit, ED visit, and hospitalization were also compared. Statistical significance testing in nationwide administrative datasets usually has no practical meaning because the patient groups are so large that all between-group differences are significant. Therefore, tests of statistical significance were not performed.
RESULTS
Of 319,714 children identified as having chronic asthma in 2003, 195,026 had concomitant AR, yielding a prevalence of 61.0% or 610 per 1000 asthmatic children. The prevalence of AR among asthmatic children increased with age. School-age children (6 -14 years of age) with asthma showed the highest prevalence of AR (61.4%), followed by children 2 -5 years (61.3%), and children 1 to < 2 years (58.0%; Table 1) . Table 2 shows the number and percentage of children with at least one recorded use of an asthma-related service during the study year by service category and institution type. A greater percentage of children with AR had at least one asthma-related admission (0.96% versus 0.64%) and ED visit (0.79% versus 0.69%) than those without AR. There were more stays or visits in hospitals, general hospitals, and tertiary care hospitals by children with AR (3.89%, 7.17%, and 3.04%, respectively) than by children without AR (2.16%, 3.23%, and 1.52%). Children with asthma alone (96.53%) tended to visit clinics more often than did children with concomitant AR (93.64%).
Per-capita utilization of asthma-related health services was greater among asthmatic children with AR. On average, children with AR had 1.14 times more outpatient visits than those without AR. For ED visits and hospital admissions, per-capita utilization by children with AR was 1.30 and 1.49 times greater, respectively, than by those without AR (Table 3) . Asthmatic children with AR had 29% greater total asthma-related AR, allergic rhinitis; ED, emergency department. *"All pharmaceuticals" were anti-asthma medicines and all other medicines prescribed during an asthma-related visit or admission. Ratios were computed as the per-capita utilization for asthmatic children with AR divided by the per-capita utilization for asthmatic children without AR.
category expenditure (50.7% and 56.5%, respectively), followed by prescribed medicines (46.8% and 41.4%) ( Table 3) . Mean treatment costs per outpatient visit, ED visit, and admission were similar for children with and without AR. However, expenditures for pharmaceuticals during a visit or admission were greater for children with AR than for those without AR. The ratios between the two groups (with AR:without AR) of mean pharmaceutical costs during an outpatient visit, ED visit, and admission were 1.27, 1.20, and 1.14, respectively (Table 4) .
Total expenditure, combining direct health service, transportation, and caregivers' time costs, for asthmatic children with AR was 1.26 times greater than total expenditure for children with asthma alone. Direct health service costs accounted for 85.0% and 83.7% of total expenditure for asthmatic children with AR and without AR respectively (Table 5) .
DISCUSSION
This study adds to our understanding about the impact of comorbid AR among asthmatic children on the use of health care services and costs related to asthma. Asthmatic children used 14 -54% more health care services if they had concomitant AR.
The tendency to seek asthma care from a higherlevel institution such as a general hospital or tertiary care hospital was more pronounced among asthmatic children with AR. The ratio of per-capita costs for asthmatic children with and without AR varied depending on the type of service with the greatest ratios seen for pharmaceuticals. For anti-asthma pharmaceuticals, annual per-capita spending for insured services was about 61% greater for asthmatic children with AR than for those without AR.
The incremental effect of comorbid AR on medical care costs of treating asthma has consistently been observed in previous studies. For example, analysis of medical charge data for a random sample of 1,412 asthmatic children younger than 15 years old from the asthma incidence and prevalence cohorts of Rochester, Minnesota, showed that the total annual medical care charges for children with comorbid AR were almost twice those for children with asthma alone. 7 Another US-based study of enrollees in a staff model Health Maintenance Organization reported that mean total health care costs for asthmatic children with multiple visits for upper respiratory comorbidities such as AR, otitis media, or sinusitis, were 1.7 times higher than for children with asthma alone. 8 Finally, according to multivariable analyses from a recent population-based historical cohort study conducted in the UK, comorbid AR was an independent predictor of a higher risk of asthma-related hospitalization and greater costs for all categories of asthma medications (p < 0.05). 9 Interestingly, the unit treatment cost (average treatment cost per visit or admission) was similar for the two groups. In contrast, the unit pharmaceutical cost during a visit or admission was 27% to 14% greater among asthmatic children with AR. This suggests that pharmaceuticals are an important source of the additional health care expenditures due to AR among asthmatic children. Thus, effective control of AR symptoms could contribute to a reduction in the use and costs of pharmaceuticals. The incremental indirect cost, expressed in terms of the opportunity cost for the caregiver's time loss, was about 18% higher for children with AR than for those without AR. This suggests that the caregiver's time cost is also an important component of AR-related costs.
The 1-year prevalence of treated AR in the Korean asthmatic population of 1 to 14-year-old children in 2003 was estimated as 61.0%. Although methods of identifying asthmatic children with concomitant AR varied, we can compare our results with those of previous studies. A population-based study conducted in the US estimated that 38.5% of asthmatic children younger than 15 year had concomitant AR. 7 In a retrospective cohort study conducted in UK, about 19.7% of children 6 to 15 year old had both asthma and AR. 9 The prevalence in all of these In this study, the presence of asthma was defined by both a diagnosis of asthma and treatment with an anti-asthma medicine. It is not unusual in Korea for providers to up-code a patient's diagnosis to a disease that is more severe than their actual condition in order to justify treatment and increase reimbursement. The use of an anti-asthma medication was included in addition to a diagnosis of asthma to minimize the misclassification of up-coded asthma as true asthma cases.
Unlike asthma cases, we determined the presence of concomitant AR by either a diagnosis or treatment with an anti-AR medicine. The prevalence of AR among asthmatic children was only 22.5% if AR cases were identified by both diagnosis and the use of an anti-AR medicine. Considering the tendency of under-diagnosis or under-treatment of AR, 9, 11 we thought that classifying AR cases by either a diagnosis or ARrelated medicine was appropriate to minimize missing AR subjects. Pharmaceutical costs were measured as "antiasthma pharmaceutical costs" and "all pharmaceutical costs". In clinical practice, patients are treated with antibiotics, medicines for indigestion, and other medicines in addition to anti-asthma medicines. The cost of all pharmaceuticals, including anti-asthma medicines and other related medicines, reflects the true cost of pharmaceuticals prescribed for childhood asthma.
Several limitations to this research should be addressed in future studies. First, given the nature of insurance claims data, we were unable to identify asthmatic children who did not receive treatment. This could have led to overestimation of the per-capita cost of asthma. Similarly, because the NHI does not cover over-the-counter drugs, these costs did not appear in the administrative data and were not represented in the study results. Second, a prevalence-based approach was taken to quantify the economic burden of childhood asthma, where both incident and prevalent cases were considered over a one-year period. 20 Percapita health service utilization and costs were calculated by dividing the total national utilization or costs by the number of incident and prevalent asthma cases identified in 2003. If only prevalent asthma cases were considered (i.e., children with pre-existing asthma before 2003), we would underestimate the true costs of the combined population of incident and prevalent cases. In addition, per-capita utilization and costs were calculated on a per-calendar year rather than a per-person year basis. For example, a patient who was diagnosed with asthma for the first time in July 2003 and had 3 outpatient visits in the remaining part of the year would be counted as having 3 visits per calendar year although the number of visits per person-year would be 6 (3 visits/0.5 year). Third, if patients with or without AR in this study were identified by medical chart review, it would be possible to have more confidence in identifying true AR cases. However, since our dataset was national medical claims data and claims data do not have detailed clinical information, we relied on diagnosis code and the use of AR-related prescription medicines in identifying AR cases. Based on the literature review 11, 12 and consultation with the pediatrician panel, we considered that the diagnosis code and AR-related prescription medicines would be the best possible information that can be used from claims data to identify AR cases. However, this is apparently a limitation of the study due to the nature of claims data. A future study, evaluating the validity of diagnosis of AR in NHI claims data would be helpful to assess the accuracy of AR cases identified on the basis of diagnosis of AR.
In conclusion, asthmatic children had substantially higher utilization and costs for treating asthma if they had concomitant AR. Asthmarelated ED visits and admissions were about 1.30 to 1.49 times more frequent among asthmatic children with AR than those without, suggesting poorer control and more frequent exacerbations among asthmatic children with AR. Higher unit costs of pharmaceuticals during a visit or admission, a greater tendency to receive asthma care from higher level health care institutions, more frequent asthma-related visits, and a greater risk of ED visits or admission all contributed to the added economic burden resulting from AR. Compared to prior studies of the incremental cost of AR, the present study has the advantage of a centralized national claims database representing the entire medically insured population of the country. In addition, it is the first nationwide study addressing the issue of health care costs related to concomitant asthma and AR in patients in an East Asian country. These findings, therefore, uniquely contribute in their potential to enhance the understanding of the effect of concomitant AR on the use and costs of health services for childhood asthma.
